###### Strengths and limitations of this study

-   The study was based on data from various Swedish registers and includes the entire Swedish population, aged 50--74 years at baseline, with a follow-up period of up to 10 years.

-   Owing to the large sample size, we were able to estimate risk for subcategories of unmarried status and to divide the sample into gender and age groups (50--64 and 65--74 years).

-   Limitations concern the use of dementia identification from national registers, which may under-report cases of dementia.

-   Time in respective marital statuses was unavailable, which may have affected the results.

Introduction {#s1}
============

Owing to the global increase in life expectancy, the number of people suffering from age-related diseases such as dementia will rise substantially and represents one of the most serious challenges of the 21st century.[@R1] Therefore, it is increasingly important to identify attributes and groups at increased risk and factors that can reduce the risk of dementia.

A growing body of the literature indicates that aspects of social relationships are associated with the incidence of dementia.[@R2] [@R3] One aspect that has drawn increasing interest in recent years concerns the effect of marriage on dementia. Among the few studies explicitly investigating this, the majority have found marriage/cohabitation to have a beneficial effect on dementia risk,[@R3] although this is not consistently reported.[@R8] Moreover, there is conflicting evidence as to whether all or just some unmarried states are related to dementia risk; whereas some studies have found an association only for those who are single,[@R3] [@R5] others have reported an association for single and divorced people,[@R4] while still others have found increased risk of dementia only among widows/widowers.[@R6] [@R7]

Many researchers have highlighted gender differences in the effect of marital status on various physical health outcomes, generally showing men to benefit more from marriage than women do.[@R9] [@R10] For example, one study reported a 250% higher mortality rate for unmarried compared with married men, and a 50% higher mortality rate for unmarried compared with married women.[@R11] Furthermore, a longitudinal study of a Finnish cohort[@R6] found non-cohabitant men to demonstrate higher ratios of experiencing a cognitive impairment later in life compared with non-cohabitant women. Although it is reasonable to believe that there may be gender differences in dementia risk among the single, divorced and widowed, to the best of our knowledge this has not been explicitly examined before.

The aim of this study was to evaluate the association between marital status and dementia while controlling for potential confounders. We also assessed whether there were differences in risk of dementia across the marital status categories. Moreover, in order to investigate whether there are differences between early and late onset of dementia, we separate the analysis into two age groups: young-old (50--64) and middle-old (65--74). Finally, since there may be gender differences in the association between marital status and dementia, we separated the analyses for men and women. Our study uses data from an extensive national registry that encompasses the entire Swedish population. These data also have the added benefit of having a long follow-up period (up to 10 years).

Method {#s2}
======

Data {#s2a}
----

The study was based on data from the Linnaeus database comprising longitudinal nationwide data with linked records from various registers, including data from the National Patient Register and the Cause of Death Register.[@R12] The National Patient Register covers all in-patient hospitalisations in Sweden and includes the entire Swedish population. The National Patient Register has been shown to demonstrate a high level of completeness, with a predictive value of about 85--95% for most diagnoses.[@R13] The Cause of Death Register covers all deceased persons since 1952 who were residents of Sweden at the time of death, and includes official death certificates. The register offers low under-reporting; for example, in 2000, the non-reporting rate was less than 0.58% of all deaths.[@R14] Both registers are based on diagnoses according to the International Classification of Diseases (ICD).

The Linnaeus database also includes yearly records of individual and family characteristics, for example, marital status, income, education and number of children, for all Swedish citizens from various registers held by Statistics Sweden.

Study population and end point {#s2b}
------------------------------

The study population was defined as the total Swedish population aged 50--74 years (born 1923--1947) registered as residents in Sweden as of 31 December 1997, amounting to 2 326 013 individuals. A total of 37 524 persons were excluded due to having been diagnosed with dementia prior to baseline (5459), emigration or death at entry (13), or having missing data on any of the baseline characteristics (32 052). Hence, the final study population comprised 2 288 489 individuals.

The study populations were followed up to 31 December 2006, through the linked registers in the Linnaeus database. Follow-up ended at the first of the following: date of dementia diagnosis, death or end of the study period.

Marital status {#s2c}
--------------

Information on marital status was obtained from Statistics Sweden. Marital status in 1997 was selected as the current marital status, and was classified into four categories: (1) married, (2) single, (3) divorced or (4) widowed.

Ascertainment of dementia {#s2d}
-------------------------

Dementia was identified using both the National Patient Register and the Cause of Death Register. In previous studies, combining the two registers has been found to enhance the detection rate;[@R15] [@R16] hence, this approach was used in the present study. The registers have been reported to have high specificity for detecting dementia, but lower sensitivity (eg, missing dementia cases). Of note is that, despite the moderate sensitivities, data on dementia from these registers have been considered to be overall accurate, specific and feasible for conducting dementia cohort studies.[@R15] [@R16]

To identify a dementia diagnosis, the following codes from the ICD, 10th Revision (ICD-10) were used: F00.0-9, F01.0-9, F02.0-8, F03, F03.9, G30.0-9, G31.9, and R54.9. Both diagnoses/death causes listed as primary or secondary (eg, the first 7 diagnoses/death causes in the register) were considered. In the analyses, all dementia groups were combined to define dementia (yes/no). If there were multiple reports of dementia diagnosis, we recorded only the date of the first admission.

Covariates {#s2e}
----------

Analyses were adjusted for variables measuring attributes that have been shown in previous literature to be potential confounders: age, having adult children, education (classified as low (≤9), intermediate (10--12) and high (≥13 years)). We further adjusted for taxable income and history of cardiovascular diseases during the years 1987--1996. Cardiovascular diseases were defined as the first hospitalisation caused by coronary heart disease, stroke or heart failure, and were coded according to the ICD-9 codes (410-414, 428, 430-438 and 440-448).

Statistical analyses {#s2f}
--------------------

Multivariate adjusted Cox\'s proportional hazard regression models were used to analyse the association between marital status and incidence of dementia. In model 1, we adjusted for age and gender. In model 2, additional adjustments were made for having adult children, education, income and prior cardiovascular disease. Finally, to examine possible age and gender differences in the association between marital status and incidence of dementia, we repeated all analyses separately for the two age cohorts (50--64, 65--75 years) and for the two genders. Time to event was calculated from the time of enrolment in the study until the time of dementia diagnosis, of being lost to follow-up, death or date of final follow-up, whichever event came first.

The results are presented as HRs with a 95% CI. Statistical analyses were performed using SPSS Statistics V.22.

Results {#s3}
=======

Background characteristics of the study population, by marital status and gender, are listed in [table 1](#BMJOPEN2015008565TB1){ref-type="table"}. The mean age of the individuals at entry was 60.5 (±7.3) years, and the proportion of women was 51.0%. Among men and women, those who were widowed were older and had lower levels of education as well as more often a history of prior cardiovascular diseases in comparison to the other marital status categories. Married men had the highest income and single women the highest education. Mean follow-up time was 6 years for individuals who were diagnosed as demented (defined either through diagnoses or death causes) and 8.6 years for those who remained dementia-free.

###### 

Baseline characteristics of the study sample by marital status

                                 Men          Women                                                                         
  ------------------------------ ------------ ------------ ------------ ------------ ------------ ------------ ------------ ------------
  Mean (SD) age, years           60.5 (7.3)   58.7 (7.2)   59.1 (6.7)   66.0 (6.7)   60.2 (7.2)   59.0 (7.4)   59.3 (6.9)   66.5 (6.4)
  Education level, years                                                                                                    
   ≤9                            41.3%        56.5%        42.7%        53.8%        43.7%        39.3%        37.7%        59.5%
   10--12                        39.7%        32.6%        41.9%        34.2%        38.0%        37.1%        43.2%        30.9%
   ≥13                           19.0%        10.9%        15.4%        12.0%        18.4%        23.6%        19.1%        9.6%
  Mean taxable income, SEK       6.62         5.77         6.01         6.62         6.02         5.94         6.00         6.21
  Having children                91.1%        28.3%        89.8%        84.8%        91.2%        41.1%        91.3%        87.8%
  Prior cardiovascular disease   9.8%         7.8%         10.0%        15.7%        4.1%         3.7%         4.8%         7.7%

Values are numbers (percentages) unless stated otherwise.

SEK, Swedish Krona.

During the follow-up period, observations of dementia were found in 31 572 individuals. The mean age of dementia onset differed depending on marital status: 74.9 years for married women, 74.8 years for married men, 73.3 years for single women, 72.2 years for single men, 73.5 years for divorced women, 72.0 years for divorced men, 76.6 years for widowed women and 76.0 years for widowed men.

To assess whether marital status influences the risk of dementia differently before and after the age of 65 years, the population was divided into two age groups: young-old (50--64 years) and middle-old (65--74 years). The mean age at baseline of those in the young-old group (n=1 538 360) was 56.1 (±4.3) years, while the mean age in the middle-old group (n=750 129) was 69.4 (±2.9) years. During follow-up, dementia diagnoses were recorded for 5850 individuals in the young-old group and for 25 722 individuals in the middle-old group.

Association between marital status and dementia {#s3a}
-----------------------------------------------

We evaluated the impact of marital status on incidence of dementia for the two age groups using Cox proportional regression analysis and adjusted for multiple covariates. In the young-old group and for the basic model (model 1, adjusted for age and gender), each non-married subcategory was significantly associated with a higher risk of dementia relative to the married sample, with the highest risk observed for the divorced group (HR 2.05, 95% CI 1.91 to 2.21) and the single group (1.91, 1.79 to 2.03). A slightly lower, but still significant, increased risk was observed among the widowed 1.38 (1.23 to 1.54). Also, in the middle-old group (model 1), each non-married subcategory showed a significantly higher risk of dementia compared with the married group. Similar to the young-old group, in the middle-old group the highest risk was observed for those who were divorced (1.42, 1.37 to 1.47), followed by singles (1.26, 1.21 to 1.32) and widowed (1.12, 1.08 to 1.16).

After additional adjustment for having adult children, education, income and prior cardiovascular diseases (model 2), the HRs were attenuated but continued to be statistically significant for all non-married categories. As can be seen in [table 2](#BMJOPEN2015008565TB2){ref-type="table"}, the HRs were somewhat higher in the young-old, compared with the middle-old, group, and were particularly high for those divorced (HRs: young-old; 1.79 and middle-old; 1.42), followed by singles (young-old; 1.71 and middle-old; 1.23). Thus, although a significant association was noted for both age groups, this association was more pronounced for the young-old group. The estimated HRs for widows (young-old; 1.28 and middle-old; 1.12) were significantly lower in comparison with the other non-married groups in both age groups, but still showed a statistically significant increase in risk compared with married individuals. Note that the overall average risk is very low for the younger cohort (3.8 promille) and almost 10 times higher for the older cohort (3.4%).

###### 

Cox proportional hazard regression estimates of the association between marital status and dementia for young-old and middle-old group (fully adjusted model)

                                 Young-old                   Middle-old
  ------------------------------ --------------------------- ---------------------------
  Age                            1.17 (1.16 to 1.18)\*\*\*   1.18 (1.17--1.19)\*\*\*
  Gender                                                     
   Men                           Reference                   Reference
   Women                         0.79 (0.75 to 0.83)\*\*\*   0.88 (0.86 to 0.91)\*\*\*
  Having adult children                                      
   No                            Reference                   Reference
   Yes                           0.89 (0.83 to 0.97)\*\*     0.96 (0.92 to 0.99)\*
  Education level, years                                     
   ≤9                            Reference                   Reference
   10--12                        0.96 (0.91 to 1.02)         0.96 (0.93 to 0.98)\*\*
   ≥13                           0.77 (0.70 to 0.83)\*\*\*   0.84 (0.81 to 0.88)\*\*\*
  Taxable income                 0.89 (0.88 to 0.90)\*\*\*   0.97 (0.94 to 0.99)\*\*
  Prior cardiovascular disease                               
   No                            Reference                   Reference
   Yes                           1.89 (1.74 to 2.04)\*\*\*   1.50 (1.45 to 1.55)\*\*\*
  Marital status                                             
   Married                       Reference                   Reference
   Single                        1.71 (1.57 to 1.87)\*\*\*   1.23 (1.17 to 1.29)\*\*\*
   Divorced                      1.79 (1.68 to 1.90)\*\*\*   1.42 (1.36 to 1.47)\*\*\*
   Widowed                       1.28 (1.14 to 1.43)\*\*\*   1.12 (1.08 to 1.19)\*\*\*

\*p\<0.05, \*\*p≤0.01, \*\*\*p≤0.001.

Association between marital status and dementia by gender {#s3b}
---------------------------------------------------------

To examine possible gender differences in the association between marital status and dementia, we reran all models stratified by gender ([table 3](#BMJOPEN2015008565TB3){ref-type="table"}). There was a statistically significant gender difference between men and women in the young-old group, with divorced men showing a higher risk compared with divorced women (men; 2.10 and women; 1.70). However, this gender difference was considerably reduced after adjustment was made for the extended set of confounders in model 2 (men; 1.89 and women; 1.68). Thus, the gender differences shown in the estimates of model 1 seem to be partially driven by gender differences in socioeconomic status (eg, education and income) and other confounders.

###### 

Cox proportional hazard regression estimates of the association between marital status and dementia for young-old and middle-old group by gender

               Model 1†                    Model 2‡                                                
  ------------ --------------------------- --------------------------- --------------------------- ---------------------------
  Young-old                                                                                        
   Married     Reference                   Reference                   Reference                   Reference
   Single      2.12 (1.94 to 2.32)\*\*\*   1.96 (1.73 to 2.21)\*\*\*   1.72 (1.54 to 1.94)\*\*\*   1.76 (1.54 to 2.02)\*\*\*
   Divorced    2.10 (1.93 to 2.28)\*\*\*   1.70 (1.55 to 1.86)\*\*\*   1.89 (1.74 to 2.06)\*\*\*   1.68 (1.53 to 1.85)\*\*\*
   Widowed     1.43 (1.15 to 1.77)\*\*\*   1.31 (1.15 to 1.50)\*\*\*   1.33 (1.07 to 1.66)\*\*     1.24 (1.09 to 1.42)\*\*\*
  Middle-old                                                                                       
   Married     Reference                   Reference                   Reference                   Reference
   Single      1.32 (1.25 to 1.40)\*\*\*   1.18 (1.10 to 1.27)\*\*\*   1.29 (1.20 to 1.38)\*\*\*   1.16 (1.07 to 1.25)\*\*\*
   Divorced    1.48 (1.40 to 1.56)\*\*\*   1.36 (1.29 to 1.43)\*\*\*   1.47 (1.39 to 1.55)\*\*\*   1.36 (1.29 to 1.43)\*\*\*
   Widowed     1.10 (1.03 to 1.18)\*\*     1.11 (1.06 to 1.15)\*\*\*   1.10 (1.02 to 1.17)\*\*     1.10 (1.05 to 1.41)\*\*\*

\*p\<0.05, \*\*p\<0.01,\*\*\*p\<0.001.

†Adjusted for age (model 1).

‡Adjusted for age, gender, education, taxable income, having children and prior vascular diseases (model 2).

Even though there were also higher risk ratios for men than women in the middle-old group (see [table 3](#BMJOPEN2015008565TB3){ref-type="table"}), these differences were not significantly different between the two genders and were further reduced in the fully adjusted model.

To summarise, the gender-specific estimates suggest an increased risk of dementia for unmarried men and women, particularly among the young-old, and a substantially smaller, though still statistically significant, risk for widowed men and women.

Discussion {#s4}
==========

In this large, nationwide population-based study encompassing approximately two million individuals, it was found that unmarried people have an increased risk of incidence of dementia as compared with married individuals. The estimated protective effect of marriage persisted even after adjustment for several potential confounders. When only age was adjusted for, the benefit of marriage was stronger for men, particularly relative to being divorced, but after adjustment for socioeconomic and other factors, the initial gender difference was significantly reduced. In addition, marital status was related to early-onset and late-onset dementia, with a slightly higher risk for early-onset dementia, which has not been shown previously.

Our findings are consistent with previous study results showing a beneficial effect of marriage on dementia,[@R3] suggesting that this association is highly robust. However, in contrast to these studies, which are based on smaller data sets, we find that the risk of dementia was observed across all non-married categories. Of note is that two recent studies,[@R6] [@R7] including one by our research group,[@R7] suggest a particular high risk among the widowed, but in this study with its large sample, we found a lower risk for widowhood compared with the other non-married categories. The lower estimate for the widowed might be related to the fact that dementia develops over a long period and that the duration of widowhood in this study might be of insufficient length for many people to be fully manifested in dementia during that time. This is in comparison to, for example, those living as single, which is a state that a person might have been in for a long time and perhaps even for his or her entire adult life. Hence, although we found a significantly increased risk of dementia for those widowed compared with their married counterparts, the risk ratios may have been somewhat underestimated.

Our study also adds evidence that all non-married statuses are associated with dementia for men and women. Since this study, to the best of our knowledge, is the first to explicitly examine this phenomenon, no direct comparison can be made between our estimates and those from previous studies. However, previous work on the risks of cognitive impairment has shown non-cohabiting men to be at greater risk compared with non-cohabiting women.[@R6] Similar to those results, we found a relatively higher risk of cognitive impairment for divorced men, but after adjusting for socioeconomic and other factors, the HRs were still slightly higher among men than women, but now with overlapping CIs and no longer a statistically significant difference in risk. Thus, socioeconomic and other factors seem to account for some of the initially observed differences by gender in the association between marital status and dementia.

Potential mechanisms {#s4a}
--------------------

While the specific mechanisms by which marital status influences the risk of dementia remain to be understood, several possible options, not necessarily mutually exclusive, have been hypothesised. First, a close relationship may be one of the best sources of cognitive stimulation, and may thereby be linked to the hypothesis of cognitive reserve. A higher cognitive reserve is suggested to provide the individual with resilience against neuropathological damage to the brain, such as occurs in dementia.[@R17] In addition, a person who lives with someone may be less lonely and receive more social support, which is found to reduce psychological distress, including anxiety and depression.[@R18] Individuals with more social support also have access to better resources for coping with stressors and are less prone to assess stressors as threatening.[@R19] Moreover, being widowed or divorced is regarded as a severely stressful event, whereas marriage may serve as a buffer against the negative consequences of adverse life events.[@R20] Although we were not able to adjust for these variables in this study, Sundström *et al*[@R7] adjusted for depressive symptoms and stressful life events but still observed a beneficial effect of marriage on the incidence of dementia.

Other proposed mechanisms concern the selection effect of marriage (which states that healthier people are more likely to both get and stay married) and the protection effect of marriage (which states that marriage provides increased social support and income, while also reducing unhealthy behaviours).[@R21] In our study, which consisted of upper middle-aged and elderly adults, we could not examine selection effects of marriage since most people marry long before the ages of the individuals we studied, but we could adjust for socioeconomic and health aspects (eg, education, income and cardiovascular diseases) at baseline. However, adjusting for these confounders did not notably influence the observed beneficial effect of marriage. Socioeconomic status at baseline may partially reflect the effects of marital status, but aspects such as low income may also reflect early onset of cognitive impairment. Although the tests of gender differences in estimated risks by marital status are somewhat sensitive to model specification, the overall conclusion of higher relative risks for unmarried individuals seemed not to be dependent on whether or not socioeconomic indicators were adjusted for.

Limitations {#s4b}
-----------

Our study has several possible limitations that need to be addressed. One is the use of a dementia diagnosis as provided by the national registers. Although previous studies using the Swedish National Patient and the Cause of Death Registers have reported very high specificity of dementia identification but lower sensitivity,[@R15] [@R16] there seems to be no difference in disease detection based on gender or education.[@R15] In addition, there are many types of dementia, with Alzheimer's disease and vascular dementia as the two major forms, but there is also a considerable overlap between different subtypes of dementia, and distinguishing among them can be difficult, especially at an early stage and for early-onset dementia.

Furthermore, systematic differences by marital status in under-reporting and misclassification (sensitivity and specificity) may potentially be a source of biased estimates. In the absence of firm evidence, one can only speculate on this point. If anything, one would expect married people to be subject to examination at an earlier stage of dementia, for example, at the initiative of their partners, than those who are unmarried.[@R22] Our estimates of higher risks among the non-married would then be biased downwards and represent an underestimation of differences in risk between married and unmarried individuals.

Another limiting aspect of the empirical framework is that events occurring after baseline are not adjusted for because of the potential risk of reversed causality.[@R23] For this reason, differentiation depending on transition in or out of marital status during follow-up, such as remarriage, was not performed. Remarriage and divorce may in fact be outcomes that are partially determined by health status. However, robustness checks considering marital transition did not affect our main results.

Conclusions and future work {#s4c}
---------------------------

In conclusion, unmarried individuals, regardless of the marital status subcategory, appear to be at increased risk of early-onset and late-onset dementia. Although the results initially suggested a gender difference in the risk of dementia, the association between marital status and incidence of dementia does not seem to differ significantly between men and women in the fully adjusted model. Further studies are required to develop a better understanding of the mechanisms and pathways through which marriage plays a protective role regarding dementia in different age cohorts. Until then, the results of this study suggest opportunities for social-based interventions that target people living alone that may delay or even reduce the risk of dementia.
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